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.Hindll I -48 ~ 23 _ "I 

5 , 1 STGCftRftTCCTCTCRflTCTflCRTGGlRflflTflTflGGTTTGTCTflTflC 

mm . rnq starts B > RMfl starts 

W^C^fWflflflCflTGfiGflTCRCftGTTCTCTCTfiCflGTTflCTCftGCflCflCflGCflCCTC 

HP leoder ___ . Spl ice 

Tn n u s C I I L F L U ff T R Til 
RCCflTGGGfiTGGflGCTGTRTCflTCCTCTTCTTGGTRGCflRCflCCTflCRGGTflRGCGGCTC 

RCRGTRGCRGGCTTGRGGTCTGGflCRTflTflTflTGGGTGflCflRTGflCflTCCflCTTTGCCTT 
ci- 1 3 i PsU 10 

p e lc uhsquqlqIesgpglur 

TCTCTCCRCRGGTCTCCRCTCCCRGGTCCRRCTGC^ GGRGRGCGGTCCRGGTCTTGTGRG 

3 . , - 2 , , 

20 25 30 CDR * * 

P^QTLSLTCTUSGSTFS 1? V »1 
RCCTRGCCRGRCCCTGRGCCTGRCCTGCRCCGTGTCTGGC flCCRCCTTCRGC yCTRCTO 
•— f 1 T ' 1 5 ' 



-i r 



1 r 
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M C0R2 COQ 

35 40 45 50 52R 

I n hI m urqppcrgleui OjR I 0 Pj 

GRTGClicTGGGTGflGRCflGCCflCCTGGflCGRGGTCTTGftGTGGftTTGGWGGflTTGflTCC 

7, 10a ir ^ ' 1 12/14 

55 CDR2 60 65 70 

[N gnr, tkvhekfksI r U T fl L U 0 

TRflTflGTGGTGGTflCTRflGTRCflflTGRGflflGTTCflRGflGCRCRGTGRCRRTGCTGGTRGR 



- X 1 ' ^— 13a 1 ' — 



•12/H ir 



75 80 82R B C 85 

TS KMQFSLRL SSUTRRDTRM 

CRCCRGCRRGRflCCRGTTCRCCCTGRGRCTCflGCRGCGTGRCRGCC CCCGRCRC CGCGCT 

15 M " — IT" 

, , 18 » ' 20 

qq 95 C0R3 100R B C 105 

v V c fl r |vdvvcssvfpv| h g q c 

CTRTTflTTGTGCRRGfiTfiCGRTTRCTflCGGTflGTRGCTRCTTTGflCTRCTGGGGTCRRGG 

ig m 21 n 23 ZL\_ 

1 , 22/24 1 1 26a 

110 Splice .BomHI 
SLUTVSSl I 
CRGCCTCGTCRCRGTCTCCTCRGGT 193bp 3* 

—25 GRCR 3' 

— U-26b-CTGT7CGR 5* 
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Hindlll ! 5' 5' —1-5' BemHI 

' {FRj H FR * ^ FR3 mm FR4 h \ 
CDR1 CDR2 CDR3 



HuV Np gene cloned inM13mp8 



D1.3 CDRI oligonuclcolide 

5' CTGJCT i CAC l CCA,GTT < TAC / ACC / ATA i GCC / GCT,GAA i GGT,GCT 



FR2 



D1.3 CDRI 



FRI 



D1.3 CDR2 oligonucleotide 
5* CAT,TGT,CAC,TCT, GGA^TT^ 

FR3 D1.3CDR2 
GTTJCC,ATC,ACC < CCA J AAT,CATJCC / AAT / CCA / CTC 



D1.3 CDR2 



FR2 



D1.3 CDR3 oligonucleotide. 

5" GCCJTG.ACC.CCA^GTA^TCAAG^CCT^ATA.ATCJCT.CTCJCT, 



FR4 



D1.3 CDR3 



TGC,ACA,ATA 
FR3 



RESTRICTION SITES 
1 2 • 



VECTOR FR1 PR2 FR3 FR4 VECTOR 



(1) Diqest vector/FR1-4at restriction 
sites 1 , 2, & 3. 

( 2) L'igate CDR sticky end duplexes 1 , 2 & 3. 

= CDR1 + =r CDR2 
+ r=Z CDR3 



• wmuagwyj LiaiiathLAjJ La^AwykHigj" 



VECTOR p R1 CDR1 pR2 CDR2 FR3 CDR3 FR4 YECT0R 



-15 SIGNAL -1Q 



IrtflULflLLFCLUTFPSC I ll 
TCRGRGCRTGGCTGTCCTGGCflTTflCTCTTCTGCCTGGTflflCRTTCCCflflGCTGTflTCCT 

-i +1 5 10 15 

m QUQLKESGPGLUflPSQSLS 
TTCCCRGGTGCflGCTGflflGGRGTCflGGRCCTGGCCTGGTGGCGCCCTCflCRGRGCCTGTC 
Ifl] 

• 20 25 * * * CDR1 35 

I TCTUSGFSLT IG V G U~R1 U U R Q 
CflTCflCRTGCflCCGTCTCflGGGTTCTCflTTflflCCGGCTflTGGTGTflflfiCTGGGTTCGCCR 

40 45 50 * ★ ♦ 55 CDR2 

PPGKGLEWLG IM I U G D G N T D VI 

GCCTCCRGGflRfiGGGTCTGGflGTGGCTGGGfiflTGflTTTGGGGTGRTGGRflflCflCflGflCTfl 

60 CDR2 65 70 75 

I N S fl L. K S| RLSISKDN SKSQUF 
TRflTTCRGCTCTCfiflflTCCRGRCTGflGCRTCflGCRflGGRCRflCTCCflflGRGCCflflGTTTT 

80 82fl B C I 85 90 95 * 

LKMNSLHTDDTflRVVCRR |^r] 
CTTRflflflfiTGfifiCflGTCTGCflCflCTGRTGRCRCflGCCRGGTfiCTflCTGTGCCflGflGRGRG 

* * * CDR3 105 110 

I 0 V R L 0 V I UGQGTTLTUSS 

RGflTTflTflGGCTTGRCTflCTGGGGCCflRGGCRCCflCTCTCflCflGTCTCCTCfl 
n ><- . - . 
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SPECIFICATION 

Recombinant DNA product and methods 

The present invention relates to altered antibodies In which at least parts of the complementarity determin- 

ina regions (CDRs) in the light or heavy chain variable domains of the antibody have been replaced by 

analogous parts of CDRs from an antibody of different specificity. The present invention also relates to 

methods for the production of such altered antibodies. u , u-j u a m 

Naturalantibodies,orimmunoglobulins,comprisetwoheavychainslinkedtogetherbydisulphidebonds 10 

and two light chains, one light chain being linked to each of the heavy chains by disulph.de bonds The 
general structure of an antibody of class IgG (i.e. an immunoglobulin (Ig) of class gamma (G)) isshown 
schematically in Figure 1 of the accompanying drawings. 
Each heavy chain has at one end a variable domain followed by a number of constant domains. Each light 
15 chain hasavariabledomainatone end and a constant domain at its otherend.the variable jjomainbeing 
aligned with the variable domainofthe heavy chainandthe constant domain being aligned with thefirst 
constant domainofthe heavy chain.Theconstantdomains in the light and heavy chains are not involved 
directly in binding the antibody to the antigen. „ mtmmtm 
The variable domains of each pair of light and heavy chains form the ant.gen binding site. The domains on 
20 the light and heavy chains have the same general structure and each domain comprises fourframework 
regions whose sequences are relatively conserved, connected by three hypervariable orcomplementanty 
determining regions (CDRs) (see Kabat, E.A., Wu.T.T., Bilofsky, H., Reid-Miller, M. and Parry, H., ,n seque- 
nces of Proteins of Immunological Interest", US Dept. Health and Human Services 1983). The four framework 
reqions largely adopt a B-sheet conformation andthe CDRsform loops connecting, and in somecasesfor- 
25 ming part of, the B-sheet structure. The CDRs are hed in close proximity by thef ramework regions and, with 
theCDRsfromtheotherdomain,contributetotheformationoftheantigenbmdingsite. 

For a more detailed account of the structure of variable domains, reference may be made to: Poljak, R.J., 
Amzel LM Avey H P., Chen, B.L, Phizackerly, R.P. and Saul, F., PNAS USA, 70, 3305-3310, 1973; Segal. 

30 Marquart,M.,Deisenhofer,J.,Huber,R.andP8lm,W.,J.Mol.BioL, 141, 369-391 1980. 
inrecenWsadvancasinmolecularbiologybas 
cessesforthe production of a wide range of heterologous polypeptides by transformat.on of host eel Is with 
heterologousDNAsequenceswhichcodefortheproductionofthedesiredproducts. mnricinn 
EP-A-0 088 994 (Schering Corporation) proposes the construction of recombinant DNA vectors compnsing 
35 adsDNAsequencewhichcodesforavariabledomainofalightoraheavychainofanlgspec.ficfora 3d 
predetermined iigand. The ds DNA sequence is provided with initiation and termination codons at its 5 - and 
3'-termini respectively, but lacks any nucleotides coding for amino acids superfluous tothe variable domain. 
The ds DNA sequence's used to transform bacterial cells. The application does not contemplate variations In 
the sequence ofthe variable domain. . . Afl 

40 EP-A-1 102 634 (Takeda Chemical Industries Limited) describes the clon.ng and expression in bacterial host 40 
organisms of genes coding for the whole or a part of human IgE heavy chain polypeptide, but does not 
contemplate variations in the sequence of the polypeptide. ^K^ri.i^iiBto 
EP.A-0125023(Genentechlnc.)proposestheuseofrecomb.nantDNAtechn.ques.nbacter.alcellsto 

produce Ig's which are analogous to those normally found in vertebrate systems and to take advantage ofthe 
45genemodificationtechniquesproposedthereintoconstructchimericlgsorothermod;fiedW^ 

The term 'chimeric antibody is used to describe a protein comprising at leastthe ant.gen binding portion 
of a immunoglobulin molecule (Ig) attached by peptide linkage to at least part of another protein. 

ItisbelievedthattheproposalssetoutintheaboveGenentechapplicationdidnotleadtotheexpressionof 
anysignificantquantitiesoflgpolypeptidechains.nortotheproductionoflgact.vity.nortothesecret^ 
50andassemblyofthechainsintothedesiredchimericlgs. 

The production of monoclonal antibodies was first disclosed by Kohlerand Milste.n (Kohler, G. and Mil- 
stein C Nature, 256, 495-497, 1 975). Such monoclonal antibodies have found widespread use not only as 
diagnostic reagents (see, for example, 'Immunologyforthe 80s, Eds. Voller, A., Bartlett, A., and *' 
MTPPress,Lancaster,1981)butalsolntherapy(see,forexample,Rit2,J.andSchlossman,S.F.,Blood,59, ^ 

55 111 1982) 

Th'erecentemergenceoftechniquesallowingthestableintroductiono^ 
(see, for example, Oi, V.T., Morrison, S.L, Herzenberg, LA. and Berg, P., PNAS USA 50, 825-829, 1983 
NeubergerV^ 

ecker A.. Kohler, G. and Hozumi, N„ PNAS USA, 80, 6351-6355, 1983), hasopened up the possibility of using 
60 in vitro mutagenesis and DNA transfection to construct recombinant Igs possessing novel properties^ 
However it is known that the function ofthe Ig molecule is dependent on its three dimensional structure 
which in turn Is dependent on its primary amino acid sequence. Thus, changing the amino acid sequence of 
an Ig may adversely affect its activity. Moreover, a change in the DNA sequence coding for the Ig may affect 
the ability ofthe cell containing the DNAsequenceto express, secrete or assemble thelg. 
65 It is therefore not at all clear that it will be possible to produce functional altered antibodies by recombinant w 
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However colleagues ofthe present Inventorheve devised a process whereby ch.menc ant.bod.es in which 
both partsof the protein are functional can be secreted. The process, which is disclosed in International 
Patent Application No. PCT/GB85/00392 (Neuberger et si. and Celltech Limited), comprises: 

ence comprising a first part which encodes at leastthe variable domain ofthe heavy or light chain of an Ig 
molecule and a second partwhich encodes at least part of a second protein; 

WfMsSsW 

DNAsequencewhichencodesatleastthevariabledomainofacomplementaryl.ghtorheavychamre- 

10 ^cnSoS mammalian cell line with the or both prepared vectors; and 

d) culturing said transformed cell lineto produce a chimeric antibody. 

The second part ofthe DNAsequence may encode: e™.^ 

i) at least part, for instance the constant domain of a heavy cham, of anlgmoleculeofdifferentspec.es, 

15 class or subclass; 

ii) at least the active portion or all of an enzyme; 

iii) a protein having a known binding specificity; . - u nr 

iv) a protein expressed by a known gene but whose sequence, function or ant.gen.c.ty is not known, or 

20 teab^ 20 
variabledomainsarecodedforbythefirst P artoftheDNAsequence.ltdoesnotshownanychim 

bodies in which the sequence of the variable domain has been altered. 

thelightorheavychainvariabledomainshavebeen replaced byanalogous partsof CDRs from an antibody 
25 °^e~^^ 

basis ofthe amino-acid sequences of a number of Igs. However, from thethree dmen3 ^f^ n ^ 
numberoflgsitisapparentthattheantigenbin^ 

regions supported on sheet-like structures. The loop regions do not correspond exactly to the CDRs, 
30 although in general there is considerable overlap. ' 

Moreover, not all ofthe amino-acid residues in the loop regions are solvent accessible and in onecase 
amino-acid residues in the framework regions are involved in antigen b.nd.ng. (Amit, A.G. , Manuzza, R. A., 
Phillips, S.E.V. and Poljak,RJ., Science, 233, 747-753, 1986). 
It isalso known thatthe variable regions of thetwo parts of an antigen b.nd.ng site are held m ^correct 
35 orientationbyinter-chainnon-covalem 
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Thus, in orderto transferee antigen binding capacity of one vanable doma.n to another, t may notbe 
necessary to replace all ofthe CDRs with the complete CDRs from the donor variable region. It maybe 
necessary only to transfer those residues which are accessible from the antigen b.nd.ng s.te, and this may 
40involvetransferringframeworkregionresiduesaswellasCDRres.dues. n „ rPnrp<5flrv6d inthe 
It may also be necessary to ensure that residues essential for mter-cham interactions are preserved in the 

a ^Crd?mainX a packing together and orientation of the two disulp^ 

fore the ends ofthe CDR loops) are relatively conserved. However, small shifts .n packing and orientation of 

45 h s W 

together and orientation of heavy and l^^ 
otnv j Bruccoleri, R. and Karplus, M., J. Mol. Biol., 186, 651-653, 1985).These po.nts will need to be bo ne m 
mTndwhenc^ 

ine un^^ 
comp^ 

testinqtoobtainafunctionalalteredantibody. , .. .. 

Teferably.thevariabledomainsinboth^ 
55 CDR replacement and. if necessary, by partial framework region replacement and h s ^ ue " c " h a a "^ 55 
Although the CDHs may be derivedfrom an antibody ofthe same class or even subclass as the antibody from 

differentclassandpreferablyfromanantibodyfromadifferentspecies. 
^usJtisenvi6aged,forinstanca,thattheCDR S fromamousean«bodycouldbegraftad^ 
60workregion80fahumana n tibody.Thisarrangementvvillbeofpart,cularuse,nthetherepeut.cuseof uO 

TprlTnt'wh^^ 
m^sTver^ 

Triable domain as foreign and produces en immune response thereto Thus, on subsequent mjectonso the 
65mousaantibodyorehimaricantibodyintothehuman,itsaffectivanessiscons 1 derablyreduoedbythaact.on 6. 
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*h« hnriv's immune svstem against thef oreign antibody. In the altered antibody of the presentinvention, 
c Z* m »vwellbenomoreforeigntothebodythanagenuinehumanantibody. 

?ha framework regions, tt would therefore be possible to provide a panel of ant.bod.es having the same 
the tramewore region!. fa ri f djtferent f ramework regions. Thus, once afirst 

^fX:^ 

15 a^n^dv = mpHa = 

20 'ThC— S^rasecondaspect.comprisesamethodforprodueingsuchanalteredantibodv 
comprising; „ nli „ hle exDre ssion vector including a suitable promoter operably linked to a ONA 

seoueSch^ 

linkeS^ 



chain respectively, , 
c).r.n rf on,.ng,ce.Mln.withth. i f.r..orb^ 



c) transtorm i ng a ceiuinew.u ^ " , ~ . k , 

0t p^?b[vS*new^ 

^rnmortalised by transformation with a virus, such astheEpstein-Barrv.ru,.. Most preferably, the .m 
40suSabT^ 

P Howave? where the immortalised cell linedoes not secrete or does not secrete a complementary chain, it 

RBarewellknownlntheartanddonotformanypartofthetnvention. . . , ha , par , c 

Tn^ne casTwhere the immortalised cell line secretes a complementary light or heavy chain, the trans- 

maltereSryint"^ 

eoZErt^ 



65 given here. 



If it was desired to repeat this strategy to insert e different antigen binding site, it would only require the 
svn hesis of oligonucleotides encoding the CDRs, es the framework oligonucleotides can be re-used, 
^venentlariantofthistechniquewouldinvo.vem 

thXrframeworkreglonserefuaedtogetherwith suitable restrialonartesatthejuncu 

s^nrneticCDRrassettes^ 5 
orao^l for achieving this variant is shown diagrammatically in Figure 6 of the accompanying drawmgs. 
P Sauv e rtheDNAse<,uence encoding thealteredvariabledomainmay be prepared by pnmerdirected 
olioonucleotide site-directed mutagenesis. This technique in essence involves hybridising an oh- 
*S3* codingfore desired mutation with e singlestrand of DNAcontainingtheregiontobemuteted 

, n n^nohesinglestrandesatempleteforextensionoftheoligonulcleotidetoproduceaetrandcom 10 

in r/uo-ssoo 1982* Norris, K., Norris F., Christiansen, L and Rll, N., Nuc. Acids Res., 1 i, 51 03-61 12, ■ »B3< 
ZoSTalfmS 

15 "VoV various reasons^this technique in its simplestform does not always produce a high «rW«WO» 15 
15 m ;£tion.Animp ro vedtechmqueforintrodu^ 

tor, has been described by Carter et al. (Certer, P., Bedouelle H. and Winter, G., Nuc, Acids Res.. 73.4431-W3. 

"Ssingaoligonucleotide/rthas proved possibleto introduce many changes smultaneouslyfes in Certeret 
20 al toe eft landthus single oligonucleotides, each encoding a CDR, can be used to introduce thethreeCDRs 
tmas"condantibodyintotheframeworkregionsofafi^ 
oLsthantotalgenesynmesis.butftrepresentsaparflcularly^ 

domain of required specificity, as it can besimpler than tailoringanentireVHdoma.nforinsertion.ntoen 

z/TeXnuTotioesusedforsite-directedmutagenesismaybepre^ 

may oe isolatedfrom DNA coding forthe variable domain of the second anubody by use of surtable restno- 
ttonenzymes. Such long oligonucleotides will generally beet leastaobaseslongand may beuptooverSO 

^TheSruessetoutabovemay also be used, where necessary.to produce thevectorofpert(b)ofthe 

30 Pr ?^ m'pthnd of the oresent invention is envisaged as being of particular use in "humanising- non-human 
m^octon MlSSZZ :,rrr te :ce,amolsemonoclone.an.ibodyaflelns«ap art icu,arbum = er 
mM may be produced by techniques well known In theart. The CDRs from the mouse monoclonal antibody 
mavtte ibi oartiellyortotally grafted into thefremeworkregionsof a human monoclonal antibody wh.ch is 

3 5 ,"erproduoedinquanti^ 

3 humaTanX^ 

degree by a human's immune system, until the antl-idiotype response eventually becomes apparent.Thus. 
ftemMhod and product of the pfesentinventionwillbeofparticularuseinthecHn.ca environment 
Xpresentinventionisnowdescribed, by way of exempleonly.wfth reference to the accompanying 
40 drawings, in which: 

/We7isaschematicdiagramshowingthest^^ . . f 

Figure2shov*sthe amino acid sequence of the V H domain of NEWM in comparison w.th the V„ domam of 
the BI-8 antibody; 

F/0(//»3showstheaminoacidandnudeotidesequenceoftheHuV NP gene f 
45 rt^showsacomparison of the results for HuV NP -1gE and MoV NP; lgE in binding inhibition assays; 

F^reSshowsthestmctureofthreeoligonucleotidesusedforsitedirectedmutag^ 

Figure Sshows a protocol for the construction of CDR replacements by insertion of CDR cassettes into a 
vector containing fourframework regions fused together; A „ri 

/We 7shows the sequence of the variable domain of antibody D1 .3 and the gene coding therefore, and 
50 Figure 8 shows a protocol for the cloning of the D1. 3 variable domain gene. 



This^xampleshowsthe production of an a 
chaTnscompLstheframeworkregionsofahuma 
55 Thefremeworkregionswerederivedfrom* 
struck 

the haoten NP-caD (4-hvdroxy-3-nitrophenyl acetyl-caproic acid: Knp-cap=1.2 m-M). 
60 AgeTenS 

was constructed by gene synthesis as follows. „ r „ . . 

T^eaminoacidsequen^^^ 
amino acid sequence of the V H domain of the B1 -8 antibody. The sequence is divided into framework regions 
and CDRs according to Kabat et al. (loc. cit). Conserved residues ar « m h a [^ with a Hne 
65 The amino acid and nucleotide sequence of the HuV NP gene, in wh.ch the CDRs from the BI-8 antibody 
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alternate with theframework regions of the NEWMantibody,iss^ 

derived by replacing sections of the MoV NP gene in the vector pSV-V NP (see Neuberger, M.S., Williams, G.T., 
Mitchell E B Jouhal,S., Flanagan, J.G.and Rabbitts,T.H., Nature,3>4, 268-270, 1985) by a syntheticfrag- 
ment encoding the HuV NP domain.Thusthe 5' and 3' non^ding sequences, the lead^^^^ 
5 Intron, five N-terminal and four C-terminal amino acids are from the MoV NP gene end the rest of the coding 

SG The o^SoS was assembled are aligned belovA r the corresponding 

portion of the HuV NP gene. For convenience in cloning, the ends of oligonucleotides 25 and 26b form a Hind II 
site followed by a Hind III site, and the sequences of the 25/26b oligonculeotides therefore differ from the 

10 HU ^Huv!*psvntheticfragmentwasbuiltasaPstl-Hindn 

from the protein sequence using the computer programme AN ALYSEQ (Staden, R., Nuc. Acids. Res., 12 
521-438 i984)withoptimalcodonusagetakenfromthesequencesofmouseconstantdomamgenes.The 
oligonucleotides (1 to 26b, 28 in total) vary in size from 14 to 59 residues and were made on a Biosearch SAM 

1 5 or an Applied Biosystems machine, and purified on 8M-urea polyacrylamide gels (see Sanger, F. and Coul- 

S °Theoli^ 

[1,3 5 7} (Block A), [2,4,6,8] (block A'U9,11,13a,13bJ (Block B), [10a, 10b,12/14] (block B ), [15, 17J (blockC), 
[I^ISHWc'hllS^I^S^SltblockDJand^O^^^ea^ebJtblockD'). 
20 lnawpicalassembly,forexampleofblockA,50pmoleofoligonucleot.des1,3,5and7werephosphoryla- 
ted atthe 5' end with T4 polynucleotide kinase and mixed together with 5 pmole of the terminal oligo- 
nucleotide [1] which had been phosphorylated with 5 ^Ci [ r 32pl ATP (Amersham 3000 Cifrn mole). These 
oligonucleotides were annealed by heating to 80°C and cooling over 30 minutes to room temperature with 

25 Ztion f ATP(1mM>andDTT(10mM)we^ 
nc^ 

phenol, precipitated from ethanol, dissolved in 20 m-I of water and boiled for 1 minute w.th an equal volume of 
formamide dyes. The sample was loaded onto and run on a 0.3 mm 8M-urea 1 0% polyacrylam.de gel. A band 
oftheexpectedsizewasdetectedbyautoradiographyandelutedbysoaking. 
30 Two full length single strands were assembled from blocks Ato D and A' to D us.ng sphntol.gonucleoti- 
des.Thus blocks Ato D were annealed and ligated in 30 *d assetout inthe previous paragraph using 100 
pmoleofoligonucleotides10a,l6and 20 as splints. Blocks A' to D' were ligated us.ng oligonucleotides 7, 13b 

8 AftJrp 8 hTnol/em^ 

35 ve rt orM13am P 18(Yanish-Perron,C.,Vieira,J.and Messing J.,Gene.W 

Hind Hi, and the gene sequenced by the dideoxy technique (Sanger, F., N.cklen, S. and Coulson, A.R., PNAS 

U ^eMoV^^^^^ 
loccrt.Hot^^ 

40 ment of MoV NP coding sequences by the synthetic HuV NP fragment, three Hind II s.tes were removed Ifrornthe 

near the end of thef ourth framework region (FR4 in Figure 2). By cutting the vector with Ps and H.nd II, most 
of the V NP fragmentcan be inserted asa Pstl-Hind II fragment The sequence atthe H.nd II s.te was corrected 

P SV-C?oeplacetheM^ 
con^ 

cedasaBamHlfragmenttogivethevectorpSV-HuV NP .HE. This wastransfected Into the myeloma lmeJ558 

Bo'^uet" 50 
back into M13mp8 (Messing et al., loc cit). J558Lmyeloma cells secrete lambda 1 lightcha.ns which have 
been shown to associate with heavy chains containing the MoV NP variable doma.n to create a binding I s.tefor 
NP-cap or the related hapten NIP-Cap (3-lodo-4-hydroxy-5-nitrophenylacetyl^apro t c acid) (Reth, M., Ham- 
merling ( G.J.andRaiewsky,K.,Eur,J.lmmunol.,fi,393-400,1978). 

55 AstheplasmidpSV-HuV NP .HE contains^ 55 
ina^ediumcontainingmycophenolicadd.TransfectantssecretedinantibodW 

chains comprising a HuV NP variable domain (i.e. a "humanised" mouse variable region) and human -y con- 
stant domains, and lambda 1 light chains from the J558L myeloma cells. 
Theculturesupernatantsofseveralgpt+clones were assayed by radioimmunoassay and found to contain 
60 NIP-capbindingantibody.Theantibodysecre^ 
affinity chromatography on NlP-capSepha^ 

SDSgel indicated th a ttheproteinw a sindistinguishablefromthechimencant.bodyMoV Nr l9E(Neuberger 
etaUoc.cit.). 
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The HuV NP -lgEant!body competes effectively with the MoV N HgE for binding to both anti-human-lgEandto 
N 'Sn" 

"r i ° oolwinvl microtitre plates coated with (a Sheep anti-human-lgE antiserum (Seward Lab- 
BolawTesf b)K P S 

IgMannbodydrffenngfromther^^ 

10 ciSXb"^^^ 
''"^VaSeslfXvSglfo 

15 ^dSr 0 n N s^^ 
actfata^ 

Jankovic, D.L., Buot, G., Amit, A.G., Saludjian. P., Le Guern, A., Maz e, J.C. and Poljak,R.J.. J. Mol. Biol, uu, 
10BB-10B8 1983) which does not bind hapten, was titrated in perallel. 
DecreSein^ 

^K^r^nco'nce*: ^^ onv ariedfrorn,0to300nM.andeboutS0% q uenching of fluorescence 
For NIP-cap, h 8ntibodv concentrations were comparable to the value of the dissocia- 



Table 1 



K NP -cap K NIP -cap 
MoV N H 9 E 1-2 MM 

HuV NP -lgE 1-9M-M °- 07 ^ 

^^eforenotaurprisingtheHuV^lgEhaslostmanvofthedeterminente recognised bythe polyclonal rabbit 

as'titr^e^anh^ 

capa^ofthemouseCDRa.ithasnotacquiredenysubstentialproport.onofthemouse antibody sent,- 

:Ssfe=^ 

"Therefore workwascarriedouttoseeif CDRreplacamentcould be usedfor, . hi »P^°^ e "f ° 
involved using primer-directed.oligonucleotidesite-directedmutegenesis using three syntheticollgo- 
65 mcllo«d™ngforeachof^ 
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variable domain gene similar to the HuV NP gene. 
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The three dimensional structure of a complex of lysozyme and the antilysozyme antibody D1 .3 ( Amit et al., 
5 loc cit )wassolved by X-ray crystallography. There is a large surface of interaction between the antibodyand 
antigen.The antibody has two heavy chains of the mouse lgG1 class (H) and two Kappa light chains (K), and is 

^h^DNAsequ^ceof the heavy chain variable region was determined by making cDNAfrom the mRNAof 
the D1 3 hybridoma cells, and cloning into plasmid and M1 3 vectors. The sequence is shown in Figure 7, in 

in which the boxed residues comprisethe three CDRs and the asterisks mark residues which contact lysozyme. 
ThreesyntheticoligonucleotideswerethendesignedtointroducetheD1.3V H CDRsinplacBoftheV„CpRs 
of the HuV NP gene.The Hu NP gene has been cloned into M13mp8 as a BamHl-Hind III fragment, as described 
above Each oligonucleotide has 12 nucleotides at the 5' end and 1 2 nucleotides at the 3' end which are 
complementary to the appropriate HuV NP framework regions. The central portion of each oligonucleotide 

15 B ncodeseitherCDR1,CDR2,orCDR3oftheD1.3antibody f asshown in Figure 5, to which reference isnow 
made. Itcan be seen from this Figure thatthese oligonucleotides are 39, 72 and 48nucleotides long re- 

SP lTpmoleofD1.3CDR1 primer was phosphorylated atthe 5' end and annealed to 1,tg oftheMl3-HuV NP 
template and extended with the Klenowfragment of DNA polymerase in the P™*™ e °™™* n 9 ase - After 
20andoligonudeotideextensionat15°C,thesamplewasusedtotransfectE.Colistra.nBHM71/18mutLand 20 

plaques g ridded and grown up as infected colonies. 

After transfer*) nitrocellulose filters, the colonies were probed at room temperature with 1 0 pmole of D1 .3 
CDR1 primer labelled atthe 5' end with 30 nCi^-p-ATP. After a 3" wash at 60T, autoradiography revealed 
about 20% of the colonies had hybridised well to the probe. All these techniques are fully described In 
25 "Oligonucleotide site-directed mutagenesis in Ml 3" an experimental manual by P. Carter, H. Bedouel e, 25 
M M Y Wave and G. Winter 1 985 and published by Anglian Biotechnology Limited, Hawkins Road, Colches- 
ter Essex C02 8JX. Several clones were sequenced, and the replacement of Hu V NP CDR1 by D.1 3 CDR1 was 
confirmed. This M13template was used in a second round of mutagenesis with D1 .3 CDR2 primer; finally 
template with both CDRs 1 &2 replaced was used in a third round of mutagenesis with D.1 3 CDR3 primer. In 
30 this case, three rounds of mutagenesis were used. 1 
The variable domain containing the D1. 3 CDRs was then attached to sequences encoding the heavy chain 
constant regions of human lgG2 so asto produce a vector encoding a heavy chain Hu*. The vector was 
transfectedintoJ558Lcellsasabove.TheantibodyHu» 2 L 2 issecreted 
Forcomparativepurposes,thevariableregiongenefortheD1.3antibodywasinserted.ntoasuitable 

35 vector and attached to a gene encoding the constant regions of mouse lgG1 to produce a gene encoding a 35 
heavychainH*withthesamesequenceasH.TheprotocolforachievingthisisshowninFigure8. 

Asshown in Figure 8, the gene encoding the D1. 3 heavy chainVandC„l domains the part of the hinge 
region arecloned into the M13mp9 vector. ^.uud^i tk»pqh 

The vector (vector A) is then cut with Ncol, blunted with Klenow polymerase and cut with Pstl. The PStl- 
40 Ncol fragment is purified and cloned into Psti-Hindll cut MV NP vector to replace most of the MVN P cod.ng 
sequences. The MV NP vector comprises the mouse variable domain gene with its promoter, 5 leader, and 5 
and 3' introns cloned into M 1 3mp9. This product is shown as vector B In Figure 8. 

Using site directed mutagenesis on the singe stranded template of vector B with two primers the sequence 
encoding the N-terminal portion of theC H 1 domain and the Pstl site near the N-terminusof the V domain are 
45 removed. Thus the V domain of D1 .3 now replaces that of V N ^ 

VectorCisthencutwimHindlHandBamHIandthefragmentformedtherebyismsertec ^ " t / oHindl, ^a m HI 
cutM13mp9. The productiscut with Hind IllandSacI and the fragment is inserted into PSV-V NP cut with Hind 
Ill/Sacl so asto replacetheV NP variabledomainwiththeD1.3variabledomain. Mouse IgGlconstantdomains 
areclonedintothevectorasaSaclfragmenttoproducevectorDofFigureB. 
50 Vector D of Figure 8 is transfected into J558L cells and the heavy chain H* ts secreted in association with the 50 
lambdalightchainLasanantibodyH» 2 L 2 . rvt ■» 

Separated K or L light chains can be produced by treatmg an appropnate antibody (for instance D1 .3 
antibody to produce K light chains) with 2-mercaptoethanol in guanidine hydrochloride, blocking thefree 
interchain sulphydryls with iodoacetamide and separating the dissociated heavy and light chains by HPLC in ^ 

55 9 Tffere^ 

ated heavy and light chains, and dialysing into a non-denaturing bufferto promote re-assoc.at ion and refold- 
ing Properly reassociated and folded antibody molecules can be purified on protein A-sepharose columns. 
Using appropriatecombinationsoftheabove procedures, the foil owing antibodies were prepared. 
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u,k, (D1 3 antibody) 

HSU * D1 3 heavy chain ' ,ambda ,i0ht cha!n} 

H*,K 2 (recombinant equivalent of D1 .3) 

Hu* 2 L 2 {"humanised" D1 .3 heavy chain, lambda 



nu zi-z » 

5 light chain) 

Hu* 2 K 2 {-humanised* D1. 3) 



HU» 2 K 2 V nummiiw 

Theantibodiescontainingtheiambdalightchainswerenottestedforantigenbindingcapacity.Theother 
antibodies were, and the results are shown in Table 2. 
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Tabte2 



Dissociation constant 
Antlbody forlysozymetnM) 

15 D1.3(H 2 K 2 ) IK 11 4 

D1.3(H 2 K 2 ) 15.9,11.4 
(reassociated) 

recombinant D1. 3 (H* 2 K 2 ) 9 - z 
20 (reassociated) 

"humanised" D1.3(Hu 2 K 2 ) 3.5,3.7 
(reassociated) 

25 290nm and emission observed at 340nm Am ° rt titrated with hen egawhHe lysozyme. There ie aquenching 
re dsalme.f,l.ered(0^^^ 

Isedantibodybinds.ysozymewitha»^^ 
35 C6d ' . * l. anchnlun tha t CDRreoIacement can be used not only for artificial antigens (haptens) but 



40 ded claims. 
CLAIMS 



45 light 



TSsaesassasasassas- — .» 

second »"« tod V rfdme ™^^f n ^; D | i , ablB expression vector Including a suitable promoteroperabtv 

6 o„Sr D ^ 

^cHrS^ngi cell linewiththefirstorboth prepared vectors;and 
65 immortalised cell line. 



GB 2 188 638 A 



8 The method of claim 7, in which the immortalised call line is a myeloma cell llneor a derivative thereof. 

9 Theme*odofa^ 

5 domain is prepared by primer directed oligonucleotide eite-directed mute B enes,s using a long oh- 
gonucleotide. 
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